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TbPin1 蛋白是来源于布氏锥虫（Trypanosoma brucei）体内的一种新的 Pin1
型 PPIase。它由 115 个氨基酸残基组成，只含有一个 PPIase 结构域，没有 N 端
的 WW 结构域，具有高度的底物特异性，只使 pSer/Thr-Pro 发生顺反异构。本
文主要利用异核多维核磁共振技术研究 TbPin1 蛋白的溶液结构、动力学特征及
其与磷酸化底物的相互作用。首先，通过 NMR 谱的共振归属、结构计算与优化，
获得了 20 个能量最低的 TbPin1 蛋白结构，其骨架原子和所有重原子的均方根偏
差值（RMSD）分别为 0.50 ± 0.05 Å 和 0.80 ± 0.15 Å。TbPin1 蛋白具有 Pin1 型
PPIase 所普遍拥有的折叠构象，它的结构由四个反向平行的 β 折叠（β1，4-12；
β2，73-78；β3，101-103；β3，108-113）和三个 α-螺旋（α1，34-50； α2，55-62；
α3，84-92）和一个短的 310 螺旋（η1，66-70）形成。TbPin1 蛋白的
15
N 主链弛
豫实验分析表明 TbPin1 蛋白整体构象非常刚性。TbPin1 蛋白虽然缺失与底物相











































Phosphorylation is a common mechanism for activating proteins within signaling 
pathway. Phosphorylation of serine- and threonine-proline motifs has been shown to be 
a critical regulatory event for many proteins. The cumulative evidence to date has 
shown that Pin1-type PPIases have unique substrate specificity and only isomerize 
phosphorylated serine- or threonine-proline motifs in a subset of proteins as substrates 
which are involved in a variety of cellular responses or processes, such as cell 
division, transcription, apoptosis, Alzheimer’s disease and cancer pathogenesis. 
However, little is known whether the phosphorylation regulates the conformational 
switch of the Ser/Thr-Pro bonds. 
TbPin1 was identified as a novel class of Pin1-type PPIase from Trypanosoma 
brucei, containing a unique PPIase domain, which can catalyze the isomerization of 
phosphorylated Ser/Thr-Pro peptide bond. Herein, we determined the solution 
structure of TbPin1 and performed 
15
N relaxation measurements to analyze its 
backbone dynamics using multi-dimensional heteronuclear NMR spectroscopy. The 
average RMSD values of the 20 lowest energy structures are 0.50±0.05Å for 
backbone heavy atoms and 0.85±0.08Å for all heavy atoms. Although TbPin1 
consists of a unique PPIase domain, without a typical N-terminal WW domain 
contained in most of the family members, it adopts the typical catalytic tertiary 
structure of Pin1-type parvulins, which comprises a globular fold with four-stranded 
anti-parallel β-sheet core (β1, residues 4-12; β2, 73-78; β3,101-103; β4,108-113), 
three α-helices (α1, 34-50; α2, 55-62; α3, 84-92) and one 310 helix (η1, 66-70) 
surrounding it. The backbone dynamics analysis reveals that the global structure of 
TbPin1 is relatively rigid except the active site. The 2D EXSY spectra illustrate that 
















TbPin1 for the phosphorylated peptide were determined by the chemical shift 
perturbation approach. Residues Ser15, Arg18, Asn19, Val21, Ser22, Val32, Gly66, 
Ser67, Met83, Asp105 and Gly107 are involved in significant contact with the 
substrate. 
This work provides insights into the structure-function relationship of TbPin1 and 
may be helpful for understanding the distinct substrate specificity of the conserved 
Pin1-type parvulins family, and also offers potential new insights into underlying 




















Aβ Amyloid β peptides 
Ac Acetylation 
AD Alzheimer’s disease 
APC Adenomatous polyposis protein 
APP Amyloid precursor protein 
APS Ammonium persulphate 
AML Acute myeloid leukemia 
ARIA Ambiguous restraints for iterative assignment 
BMRB Biological Magnetic Resonance Bank 
β-ME β-Mercaptoethanol 
CD Circular dichroism 
CLD cyclophilin-like domain 
CNS Crystallography & NMR system 
CSA Chemical shift anisotropy 
CsA Cyclosporine A 
CSI Chemical shift index  
Cyp Cyclophilin 
DD Dipole-dipole coupling 
DTT Dithiothreitol 
EB Ethidium bromide 
EXSY Exchange spectroscopy 
FKBP FK506-binding protein 
FPLC Fast performance liquid chromatography 
GST Glutathione-S-Transferase 
















ITC isothermal titration calorimetry 
INEPT Insensitive nuclei enhanced by polarization transfer 
IPTG Isopropyl β-D-1-thiogalactopyranoside 
JNK Jun N-terminal protein kinase 
MAPK Mitogen-activated protein kinase 
NFTs Neurofibrillary tangles 
NIMA Never-In-Mitosis A 
NMR Nuclear magnetic resonance 
NOE Nuclear Overhauser Effect 
NOESY Nuclear Overhauser Effect Spectroscopy 
PCR Polymerase chain reaction 
PD Parkinson’s disease 
PDB Protein Data Bank 
PEG Polyethylene glycol 
PHFs Paired helical filaments 
pI Isoelectric point 
Pin1 peptidyl-prolyl cis-trans isomerase NIMA interacting protein 1 
PMSF Phenylmethanesulfonyl fluoride 
PPIase Peptidyl-prolyl isomerase 
PP2A Protein phosphatase 2A 
ppm Parts per million 
PTPA Phosphotyrosyl phosphatase activator 
pSer/Thr-Pro Phosphoserine- or phosphothreonine-proline 
RAPA Rapamcin 
RDC Residual dipolar coupling 
RF Radio frequency 
RMSD Root mean square deviation 
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